Objective: Is to define the role of neuroendoscopy in the management of cases with multiloculated hydrocephalus. Methods: This study was carried out on 14 patients suffering from septated, multiloculated hydrocephalus. The patients' ages were between 6 and 20 months. All patients passed through the well-known popular scenario of shunts and their problems of infection, obstruction, revision, hemorrhage and/or shunt removal. The aim of endoscopic interventions was to connect as many cysts to the cyst harboring the fenestrated end of the shunt keeping in mind to try as much as possible to drain the larger cysts especially if causing midline shift. Results: Two weeks post-operatively a CT scan follow up was done in all patients. We needed to re-do the procedure in 11 patients due to the presence of residual compartments not opened and not drained by the existing shunts. Of those 11 patients with two endoscopic trials, only 3 patients needed adding new shunt application as the endoscopic trials failed to unify all compartments. Conclusion: The treatment of loculated hydrocephalus remains a difficult problem in the practice of neurosurgery, yet neuroendoscopy has yielded encouraging results and may be able to dramatically change the prognosis of this troublesome condition in the near future. So neuroendoscopic surgery can be considered a valid alternative to traditional multiple shunt placement surgery and craniotomy in the management of multiloculated hydrocephalus. ª 2014 Alexandria University Faculty of Medicine. Production and hosting by Elsevier B.V. All rights reserved. *
Introduction
Hydrocephalus is one of the most important and challenging issues in neurosurgical field. Septated hydrocephalus is the most difficult form of hydrocephalus to treat. Septated hydrocephalus may be uniloculated or multiloculated. The multiloculated form is defined as multiple separated cystic cavities or spaces located in or in relation to the ventricular system and filled with fresh or altered CSF. This term describes the shape or morphology of the distorted ventricular system. The pathophysiology is not clear but is thought to be due to the formation of fibrous adhesion within the ventricles following infection, hemorrhage or may be congenital interventricular ependymal multiple (arachnoid) cysts. The infection may be pyogenic, tuberculous ventriculitis or following shunt infection. Histologically, ventricular septa are formed by glial protrusion into the ventricles. 1 Diagnosis is usually though the conventional CT and/or MRI with and without IV contrast injection. Foda in his thesis said that: early, loculated hydrocephalus is difficult to diagnose by non-contrast CT because the cysts have a density similar to C.S.F. and their walls are usually transparent. As the disease progresses, the septations increase in number and vary in thickness, making the architecture of the ventricular system more distorted and diagnosis easier. Sometimes the diagnosis may need intrathecal water soluble contrast injection. Treatment in such difficult situations is usually surgical by more than one shunt insertion. Patients with multiloculated hydrocephalus have often multiple or complex shunts in place and endured numerous shunt revisions consequentially, suffering greater morbidity. 2, 3 Neuroendoscopic intervention may play an important role in the management aiming at creating multiple fenestrations between the different cysts with the least number of draining device at the end hopping reducing the number of shunts and number of shunts revision or infections (see Fig. 1 ).
Patients and methods
This was a retrospective study and was carried out on 14 patients suffering from septated, multiloculated hydrocephalus. The patients' ages were between 6 and 20 months. Each patient was subjected to:
History taking: Full history with special consideration of previous infections as meningitis and history of previous interventricular hemorrhage.
Examination: General examination and neurological examination.
Investigation: Lab investigation: Routine investigation and CSF analysis.
Radiological investigations: Plain X-ray skull, CT brain and MRI of the brain whenever needed.
All patients passed through the well-known popular scenario of shunts and their problems of infection, obstruction, revision, hemorrhage and or shunt removal. As pre-endoscopic intervention, all patients had at least one shunt set already existing. Clinically most of the patients had progressive head enlargement irrespective of the presence of functioning shunts. Radiological evaluation by CT and MRI showed multiple compartments separated by thin septates and not drained by the shunt systems. The aim of endoscopic interventions was to connect as many cysts to the cyst harboring the fenestrated end of the shunt keeping in mind to try as much as possible to drain the larger cysts especially if causing midline shift. Head position differs according to the entry point of the endoscope, but the rule is that entry point goes from the highest point of the head. A good analysis of radiological investigations of patients under the study, entry point is performed by selecting the most pressurizing area and it is usually from the ipsilateral site on which the midline shift occurs. The anatomical landmarks within the ventricle are identified. Navigation of the endoscope was done and cyst walls were identified, the most avascular areas of cyst walls were the most suitable sites for fenestrations. Monopolar, bipolar, laser coagulation or the endoscope itself can be used to create fenestrations in the cyst walls. The windows formed should measure at least 1 cm in diameter, augmentation can be done by Fogerty balloon dilatation of the windows or by removing portions of the cyst wall by scissors, forceps. The cyst wall is devascularized to prevent regrowth of the cyst. Saline injection into the cyst confirms communication within the ventricles. Patients were followed up both clinically and radiologically at variable intervals to make sure that the ventricles were adequately drained with no further abnormal head growth (see Fig. 2 ).
Results
Two weeks post-operatively a CT scan follow up was done in all patients. We needed to re-do the procedure in 11 patients due to further head enlargement, neurological deficits and progressive ventricular dilatation due to the presence of residual compartments not opened and not drained by the existing shunts and these were considered as the parameters to infer that endoscopy had failed. Of those 11 patients with two endoscopic trials, only 3 patients needed adding new shunt application as the endoscopic trials failed to unify all compartments. Operative and post-operative complications were minor in the form of CSF leakage in 2 patients and superficial wound infection in one patient and all complicated patients were treated conservatively. All patients were followed up for at least 1.5 years and all 14 patients were doing well (3 patients had 2 shunts and 11 patients had only one shunt) (see Fig. 3 ).
Discussion
In the past two decades, neuroendoscopic procedures have gained wide acceptance in the management of hydrocephalus and accompanying intraventricular and paraventricular lesions. 20 Schultz and Leeds have provided the most detailed description of the gross and microscopic findings associated with multiloculated hydrocephalus. Grossly, the usual findings are ventricular dilatation and compartmentalization by membranes. [4] [5] [6] [7] [8] [9] The membranes appear filmy, translucent and may vary in thickness. Microscopically, the septations are formed of fibroglial elements with some round cells and polymorphonuclear leukocytes. 10, 11 The characteristic findings of chronic ventriculitis are frequently present, with subependymal gliosis, small areas of denuded ependymal and glial tufts extending through the denuded ependyma to the ventricular lumen. 12 Foda thesis: 21 Shunting alone is always unsuccessful. Scaring and collapse of the cyst around the catheter tip frequently lead to shunt malfunction. Multiple or complex shunts are often placed in an attempt to balance the C.S.F. production and absorption between the cyst and the ventricular system. However, embedded ventricular catheters, which cannot be removed without the risk of intraventricular hemorrhage, may serve as a nidus for infection and contribute to cyst infection. Stereotactic aspiration of the cysts decompresses the cysts and opens C.S.F. pathways. However, the wall is not devascularized or widely fenestrated therefore, the cysts likely recur. Craniotomy with transcallosal fenestration of the intraventricular septations has reduced the rates of shunt malfunction, but the risk of the surgery is high and shunt revision associated with repeated craniotomies may still be required. The high morbidity associated with the placement of multiple shunt systems or open craniotomies and the recent technical improvement in neuroendoscopy, has renewed interests in endoscopy as a minimally invasive alternative for treatment of loculated hydrocephalus. 13, 14 An increase of the local ICP in different compartments may lead to different growths in the size of intraventricular cysts. 15, 16 As a sequence to these changes, a decrease in brain compliance occurs. Furthermore, an alteration of the local intracystic CSF secretion and absorption leads to a change in the intracystic pressure. This mechanism might explain the Endoscopic management of septated, multiloculated hydrocephalus differential growth or shrinking of some postmeningitic cysts. The thickness, vascularity and absorptive capacity together with secretory activity of entrapped parts of the choroid plexus will also affect the differential growth or collapse of intraventricular cysts. 15, 16 Nowoslawska and associates compared data obtained in two groups of patients with multiloculated hydrocephalus: one treated endoscopically and the other treated with conventional multiple shunt implantations; the authors found that endoscopy not only reduced the shunt revision rate because it reduced the total volume of the shunt system, but also that patients treated endoscopically were in a much better clinical state than those in the other group. Moreover, the complications, especially central nervous system infection, were less severe in the group of endoscopically treated patients. 17 Spennato et al. suggested that the reason for the high incidence of shunt obstruction in multiloculated hydrocephalus is related to chronic inflammation of the ependyma that persists for a long time. It leads to the appearance of new septa and new obstructions, especially when the ependymal surfaces come in contact with the shunting system. Thereafter, multiloculated hydrocephalus has been defined as a progressive disease. Spennato and et al. 18 in their thesis mentioned that complications of the endoscopic approaches done in 18 cases included three cases of CSF infection, one case of a CSF leak through the wound, and one case of thalamic hematoma resulting in a transient kinetic mutism. This patient, in whom intraventricular septum fenestration, ETV, and shunt removal were performed at the time of endoscopy, died suddenly 6 months after the operation.
Post endoscopic subdural collections are of little or no clinical significance, with complete radiologically demonstrated resolution in most of patients without clinical or neurological consequences. 19 Ventriculo-subgaleal shunt may be applied in cases with suspicion of infected CSF after endoscopic fenestration of loculated ventricles. It serves as a temporary draining system of increased CSF pressure. Frequent CSF tapping is done for chemical analysis with culture and sensitivity. After CSF clearance, this transient shunt is replaced by a permanent one. 21 Foda et al. reported that: Because of endoscopic versatility, which permits different procedures such as fenestration of septum pellucidum and intraventricular septations, foraminoplasty, aqueductoplasty, and ETV, endoscopic surgery should be considered as the initial treatment option. The keys to the success of endoscopic treatment are early diagnosis and early treatment. These are achieved in part because of the improved morphological and functional MRI imaging. All efforts should be made to allow the widespread use of neuroendoscopy at an early stage of this disease. 21 
Conclusion
The treatment of loculated hydrocephalus remains a difficult problem in the practice of neurosurgery, yet neuroendoscopy has yielded encouraging results and may be able to dramatically change the prognosis of this troublesome condition in the near future. So neuroendoscopic surgery can be considered a valid alternative to traditional multiple shunt placement surgery and craniotomy in the management of multiloculated hydrocephalus.
